Bu araştırmada, yedinci sınıf öğrencilerinin sentezleyen zihin beceri düzeyleri ile Matematik ve Fen Bilimleri dersleri akademik başarı düzeyleri arasındaki ilişki; yüksek, orta ve düşük akademik başarı düzeyindeki öğrencilerin sentezleyen zihin beceri düzeyleri arasındaki fark incelenmiştir. Araştırmanın çalışma grubunu; SBS puanlarına göre belirlenen yüksek (n=74), orta (n=75) ve düşük (n=59) başarı düzeyinde 3 okulun 208 yedinci sınıf öğrencisi oluşturmuştur. Araştırma verileri; araştırmacılar tarafından geliştirilen sentezleyen zihin algı ölçeği, Matematik ve Fen Bilimleri başarı testleri ile toplanmıştır. Veri analizinde ortalama, standart sapma ve Pearson Momentler Çarpımı Korelasyon Katsayıları hesaplanmış, açıklayıcı faktör analizi, tek yönlü varyans analizi (ANOVA) ve Scheffe Testi uygulanmıştır. Araştırma sonucunda; hem sentezleyen zihin beceri düzeyi ile akademik başarı düzeyleri arasında anlamlı düzeyde ilişki bulunduğu, hem de farklı akademik başarı düzeyindeki öğrencilerin sentezleyen zihin beceri düzeyleri arasında yüksek akademik başarı düzeyindeki öğrenciler lehine anlamlı farklar olduğu görülmüştür.
Introduction
Scientists, who have realized that it is impossible to catch the age with traditional methods in the world where information is changing rapidly, have given importance to studies to develop mental skills. Future minds will be formed by education. What kind of minds we need in the future? Gardner (2006) answers the question by five minds: disciplined, synthesizing, creating, respectful and ethical minds.
Synthesizing mind
The synthesizing mind is a mind that can investigate a wide range of data sources, decide which information is worthy of attention and integrate this information for himself/herself and for other people in a meaningful way (Gardner, 2009 ). Today it is very important to integrate the information obtained from many different sources into a meaningful whole. The sources of information are diverse and mankind wants everything to be consistent and integral. The information obtained from wide range of sources can be meaningfully combined and transformed into a coherent structure of human need only by the synthesizing minds (Gardner, 2006) . Gardner (2006) explains the synthesis types as follows. Narratives: The synthesizing mind can combine the information obtained from different sources and turn it into a narrative. Taxonomies: Facts can be classified according to specific characteristics and expressed in tables or charts. For example, Mendeleyev's periodic table. Complex concepts: Some of the newly created concepts are related or blended with more than one phenomenon. For example, Darwin's theory of natural selection. Rules and proverbs: Most of the wisdom in society is converted into short sentences in order to be easily memorized and transmitted to future generations. Strong simulations, images and themes: Individuals can simulate concepts using simulations. For example, Freud simulates Id as horse, and Ego as horse rider. Non-verbal expressions: Strong syntheses can also exist in works of art. Picasso's famous man Guernica, for example, put the Spanish civil war in a wall picture. Theories: Concepts can be brought together in a meaningful way into a theory. Meta theories: They can be called as the top frame for knowledge, in other words the theory of theories.
According to Gardner (2009) , the characteristics of synthesizing mind are; Ability to investigate a wide range of data sources (Taking into account any stimuli in the environment, not satisfied with the school textbook, investigating information from different sources), Ability to distinguish important information from negligible (Realizing that he/ she reached important information, neglecting trivial information, stopping occasionally and checking if he/she is far from important information), Ability to transfer information between disciplines (Practicing learned information in a different course; when a new rule is learned, giving examples of practice in different courses; giving an example to daily life applications of the information learned), Ability to express an idea originally in different ways (Taking unique notes from the teacher's speech, converting the information into tables or schemas while taking notes, supporting informa-tion with tables or schemas while presenting a topic, to present learned information in a different way), Ability to solve problems with new methods (Questioning other solutions of a problem, questioning teacher's solution, questioning the solution suggested in the book, offering a different solution to the problems).
Synthesis in education
The synthesis skills that exist in the pre-school period, although not exhibited for a certain period of time, may reappear at any time, because the preformed schemes are permanent. It is of great importance to have a positive review of students' synthesis, relations made by them and all their meaningful combinations. During middle childhood, teachers should allow students to establish interdisciplinary relationships and reward appropriate ideas. At the same time, the teachers should identify the syntheses that are inadequate and have one dimension. Different solutions, different methods used during the process and evaluation of these solutions with distinctive criteria will help students have a synthesizing mind. Two important conditions must be fulfilled in order to succeed in synthesizing mind development efforts. First; there is a need for role models with multi-disciplinary perspectives and synthesis capabilities. It is important for schools to have role model teachers. Second, specific criteria are needed to distinguish high, average and low-level syntheses. Teachers should encourage high level synthesis and take measures to improve those at lower levels by using these criteria (Gardner, 2006; Senemoğlu, 2013) . Although a limited number of studies have been undertaken on synthesizing mind skills, previous studies have reported that there are significant relationships between higher order thinking skills and students' academic achievements and the quality of the teaching-learning environment is a determining factor on enhancing higher order thinking skills (Koray, 2004; Aktamış ve Ergin, 2006; Özerbaş, 2011; Teemant, Hausman and Kigamwa, 2016; Tanujaya, Mumu and Margono, 2017) . In his study Yeşilyurt (2004) has found that employing activities with experiment and game has a positive significant effect on remembering, analyzing and synthesizing skills of 4 th and 5 th grades. For this reason, to be able to have enough information about the quality of the teaching-learning environments in terms of development of synthesizing mind skills there is a need to determine the level of students' synthesis skills and to examine the relationship between academic achievement and synthesis skills.
The aim of the research
The aim of this research was twofold: (1) to examine the relationship between the level of synthesizing mind skills of seventh grade students and their academic achievement levels in Math and Science and (2) to determine whether there is a significant difference between the levels of the synthesizing mind skills of students at above average, average and below average academic achievement levels. Students' synthesizing mind skills were designated by Synthesizing Mind Skills Scale (SMSS), academic achievement levels were identified by Math and Science Achievement Tests. At the end of the research, the relationships between the synthesizing mind skills and the academic achievements are specified and the precautions towards synthesizing mind skills development are highlighted.
Method

Research design
Descriptive correlational study design is used to identify the relationship between the level of synthesizing mind skills and academic achievement and the difference between the levels of synthesizing mind skills of students at different academic achievement levels (Karasar, 2010) .
Study group
The study group consisted of seventh grade students in three state schools (which are determined by achievement levels; above average, average, and below average) located in the central district of Ankara. The schools achievement levels were designated according to Level Determination Examination (SBS) scores of math and science in 2012. A total of 208 students participated in the research, 59 from below average, 75 from average and 74 from above average school.
Data Collection Tools
Synthesizing Mind Skills Scale (SMSS)
In the first phase of the development process of the SMSS, the relevant literature was deeply examined (Altındağ, 2015) . The synthesizing mind features set out by Gardner (2006) were used to establish the frame of the scale. Later, those items obtained from relevant literature were investigated for their appropriateness to the level of the working group. For this purpose, the items were firstly reviewed by a Turkish language expert and necessary adjustments were made. Subsequently, the items were read aloud by five seventh-grade students from each school and were simplified again so that they could be understood by the working group. In the next stage, the item pool (54 items) was presented to experts. Feedbacks from five of the seven experts were received. In the light of their opinions a trial form was created (35 items). Respondents were asked to select the most appropriate one of the five choices of "Min 1", "2", "3", "4" and "Max 5". The items were randomly placed in the trial form. A total of 560 seventh grade students from 4 state secondary schools in Ankara participated in the trial test and seven of them left the items empty. For this reason, the data obtained from 553 students were analyzed. The responses given to the items were rated as 1 point for "Min 1", 2 points for "2", 3 points for "3", 4 points for "4" and 5 points for "Max 5". The minimum score is 35 and the maximum score is 175. The statistics related to the pilot implementation of test are given in Table 1 . Taking the high variance, wide range of distribution of scores, similar value of mean, median and mode confirms that the scores obtained from the trial test had an almost normal distribution. The reliability coefficient, calculated as Cronbach's Alpha, was .95, which indicated high internal coherence. The Kaiser-Meyer-Olkin (KMO) test was conducted to test whether the size of the study group was sufficient for factor analysis and the KMO value was calculated as .96. The Bartlett test result was 8491.56 (p <.01). The significance of the test result suggested that the data measured was from a highly variable universe parameter and was suitable for factor analysis (Tonta, 2007) . The line graph of eigenvalues of trial test generated as a result of the explanatory factor analysis is given in Figure 1 .
Figure 1. Line graph of eigenvalues of pilot implementation of test
According to the eigenvalues in Figure 1 , the scale is unidimensional. According to Büyüköztürk (2002) , important factors need to explain 2/3 of the total variance. In practice, however, it is not possible to reach this ratio in behavioral sciences and it is sufficient to have a variance of 30% or more explained on one-factor scales. The trial test in the present study explains 37.37% of the total variance. In order to test the validity based on the internal criterion, the difference between the scores of 27% of the top and bottom groups was calculated. There was a significant difference between the two groups (t (298) = 45.25, p <.01). The factor loads, item test correlations and communalities of the items were examined in the selection of the items that will form the final scale. Büyüköztürk (2002) suggests the use of three measures in item selection at the end of factor analysis. Selection of items (1) with a factor load of .45 or higher, (2) with a high load value in a single factor (the difference between the factor loads should be at least 0.10), (3) with communalities close to 1.00 or above .66 (but in practice it is very difficult to meet). On the other hand, Tezbaşaran (1996) suggests correlation based analysis in item selection. Hence, the correlation between each item and the scale was calculated. The high correlation of an item score with the general test score meant that the item measured what the test in general aimed to measure. In the end, 28 items were selected to form the final form of the/resulting scale.
The raw data obtained from the trial test is used to estimate the statistics of the final scale. For this purpose, descriptive statistics of the SMSS with 28 items were estimated; the whole scale was examined by factor analysis and the items were analyzed based on correlation. The meaningfulness of the difference between the item and scale scores of the top and bottom groups of 27% were examined with a t-test. The statistics of the final scale are presented in Table 2 . According to the values in Table 2 ; the presence of high variance, the wide range of distribution of scores, similar mean, median and mode values confirm the scores' almost normal distribution. The reliability coefficient was calculated as Cronbach's Alpha .94, indicating internal coherence. The line graph of eigenvalues of final scale generated as a result of the explanatory factor analysis is given in Figure 2 .
Figure 2. Line graph of eigenvalues of final test
When the line graph of the final scale is examined, it is seen that the scale is unidimensional and the factor structure explains 40.05% of the total variance. The statistics of the items of the final scale are presented in Table 3 . In daily life, I use the information learned at school in a self-specific way. 0.63 0.59 0.59 16.18 I explain a subject-matter in a self-specific way by using figure, According to Table 3 , the factor loadings vary between .54-.71, item-test correlations are between .51-.67, communalities vary between .42-.62 and t values that show a significant difference between 27% top and bottom groups are between 13. 55-20.81 (p <.01) . This data confirms the unidimensionality of the scale. Tezbaşaran (1996) emphasizes that the items of a scale should be able to distinguish the top and bottom groups' scores. As a result of the t test, it is seen that all of the items are sufficiently distinguishing two groups.
Content validity of the scale was provided by surveying related literature and expert opinions. Construct validity of the scale was tested with an explanatory factor analysis of data derived from the trial test. The data in Figure 2 and Table  3 show that validity of structure was provided at a sufficient level. The criterion validity of the final scale was tested based on the internal criterion. For this purpose, 27% of the top and bottom groups were examined by analyzing the differences in the scores received from the final scale. There was a significant difference between scores of two groups (t (298) = 44.48, p <.01), hence, confirming its sufficient internal criterion.
Science achievement test
During the development process of the science achievement test, a multiple-choice 35-item pool covering the seventh-grade fall-semester content was created. In terms of content validity and conformity to the students' level, the item pool was reviewed by three science teachers and a 32-item trial form was created. The items were read by a Turkish Language expert and necessary adjustments were made. Subsequently, the items were read aloud by four seventh-grade students from above and below average schools and were structured again so that they could be understood by the working group.
The trial form was administered to 118 eighth grade and 111 sixth grade students in the middle of fall-semester in 2014. The trial version of test was administered to the eighth graders who had already covered the subject in their previous year and to the sixth graders who had not studied the subject yet. Item difficulty index (pj) and discrimination index (rb: biserial correlation coefficient) were calculated.
The reliability coefficient (KR-20) of the pilot implementation of test was found as.81. According to Özçelik (1981) , item difficulty index should be between .20-.80 with an average of .50 and discrimination index should be positive and at least over .20, if possible over .30 or above. According to trial test results, 10 items were removed from the test taking the selection criteria. The final test consisted of 22 items. When all the selected items were examined, a significant difference (p<.05) was found between the scores of eighth and sixth graders.
Math achievement test
For the development the math achievement test, a multiple-choice 40-item pool covering the seventh-grade fall-semester content was created. In terms of content validity and conformity to the students' level, the item pool was reviewed by three math teachers and a 35-item trial form was created. The items were read by a Turkish Language expert and necessary adjustments were made. Subsequently, the items were read aloud by four seventh-grade students from above and below average schools and were simplified to suit students' level and comprehension.
The trial form was administered to 129 eighth grade and 73 sixth grade students in the middle of fall-semester in 2014. The trial application was administered to the eighth graders and sixth graders Item difficulty index (pj) and discrimination index (rb: biserial correlation coefficient) were calculated.
The reliability coefficient (KR-20) of the trial test was found as .81. Because they have difficulty index below .35, discrimination index below .27 and have no significant difference (p> .05) between 8th and 6th grade scores, 9 items were removed from the test. The final test consisted of 26 items.
Administration of data collection tools and data analysis
The data collection tools were administered at the end of Fall-Semester in 2014-2015 academic year. SMSS, Math and Science achievement tests were used to find out the relationships between students' academic achievement and synthesizing mind skills levels.
The Pearson correlation coefficient was calculated for the relationship between SMSS and academic achievement, factor analysis was performed for the validity of the SMSS and the reliability coefficient Cronbach Alpha was calculated for reliability. For the analysis of the data obtained from the scale, the mean and standard deviation were calculated and one way analysis of variance (ANOVA) was performed to identify the difference between the students with different academic achievement levels. The Levene test was used to find out whether there was a significant difference between the variances. The Scheffe Test was used for post-hoc analyses.
The KR-20 was calculated for the reliability of the achievement tests. For item selection, the mean, standard deviation, item difficulty index (pj) and discrimination index (rb: biserial correlation coefficient) were calculated and t-test was utilized to determine if there was a significant difference between sixth and eighth graders' scores. SPSS 15.0 was used for analyses.
Findings and Discussion
Descriptive statistics of above average, average and below average schools' students' math & science achievement tests and SMSS Scores are presented in Table 4 . When Table 4 is examined, it is seen that the mean scores of math and science are in accordance with the academic achievement levels of the schools but the scores of SMSS are not compatible with the schools' academic achievement levels. The reason of these results might be that the perceptions of above average school students towards their synthesizing mind skills levels were below the real level and they might be unhappy with their level and thought that they should be at a better level. Conversely the perceptions of below average school students towards their synthesizing mind skills levels were above the real level and they might be unaware of their level and thought that their level was enough. Math & science tests and SMSS were administered to all students in average (3 classes) and below average (4 classes) schools. Because there were more than 4 classes in above average school, 4 classes were randomly selected for the tests and scale administrations. The results of Pearson's Product-Moment Correlation coefficients showing the significance of the relationships between academic achievements and SMSS scores are presented in Table 5 . Examining Table 5 , it is seen that in above average and average school seventh grade students, there were significant relationships between math & science scores and SMSS scores at p <.05 and p <.01 levels, but there was no significant relationship between below average school students' scores (p> .05). Specifically in above average school the significance of the relationship between math and SMSS scores and in average school the significance of relationship between science and SMSS scores were found at p <.01 level. The research also showed that in the teaching-learning environment, the math teacher of the above average school and the science teacher of the average school spent more time to the activities that activated the synthesizing mind skills of the students and that the students showed a lot of effort for participation and they were observed to be more willing (Altındağ, 2015) . It was asserted that high level significances (p <.01) were results of math (at above average school) and science (at average school) teachers' efforts and students' active participation in the teaching-learning environment. At below average school, observations showed that math and science teachers didn't spend much time to instigate students' synthesizing mind skills and students didn't have the opportunity to present their synthesizing mind skills. The teachers' excuse for this kind of teacher-centered environment was to discipline the classroom. According to them, having students freely express their ideas would damage the classroom discipline (Altındağ, 2015) . As a result, it can be said that the management of the teaching-learning environment to activate the synthesizing mind skills of students increases the relationship between academic achievement and synthesizing mind skills and the academic achievement level itself.
Additionally, another point of examination was to find out if there was a significant difference in synthesizing mind skills perception levels of students in different academic achievement levels. Considering the different academic levels in all type of schools, the groups were graded according to the scores in Math and Science achievement tests, rather than the school achievement levels. Firstly, Math and Science achievement scores were converted into T scores (Karasar, 2010) . Secondly, for each student the mean of sum of Math and Science T scores calculated for achievement scores. Then, the students were ranked from highest to lowest according to their average achievement scores. The highest group of 27% (n = 57), the lowest group of 27% (n = 57) the remaining 46% (n = 94) were set as the average success level.
The descriptive statistics of the above average, average and below average achievement levels students' SMSS scores are presented in Table 6 . According to values in Table 6 , as student achievement level increases, the mean of SMSS scores also increases. One way analysis of variance (ANOVA) was performed to test the significance of the relationship (Table 7) . ANOVA results (Table 7 ) revealed the significant difference in SMSS scores of students with different achievement levels (F = 10.07, p <.01). The Scheffe Test was used for post-hoc analysis (Table 8) . According to Scheffe analysis results, differences between the level of above average and below average students' synthesizing mind behaviors in favor of above average students (p<.01) and between the level of average and below average students' synthesizing mind behaviors in favor of average students (p<.05) were found. Although there was a difference between SMSS score means of above average and average students ( Above Average = 110.68, Average = 104.39) in favor of above average students, it was not significant (p>.05). Owing to these findings, it can be asserted that the synthesizing mind properties are one of the factors influencing learning process, because the synthesizing mind skill levels have similar characteristics with the academic achievement levels of students. It can also be suggested that spending more time for the activities activating students' synthesizing mind skills in the teaching-learning environment can have positive impact on the academic achievement levels of the students.
In the light of these findings; it can be suggested that there are significant relationships between the level of synthesizing mind skills and academic achievement levels of students. It can also be said that there are significant differences between the synthesizing mind skills of students from different academic achievement levels. It is also thought that the SMSS developed by researcher can be reliably employed by teachers who need to find out students' synthesizing mind skill deficiencies and help teachers take measures to train the synthesizing minds, one of the most important minds in the future world.
Results
In this study, 28-item SMSS with Cronbach's Alpha .94 is developed. The factor loadings vary between .54-.71, item-test correlations are between .51-.67, communalities vary between .42-.62 and t values that show a significant difference between 27% top and bottom groups are between 13.55-20.81 (p <.01). The scale is unidimensional and the factor structure explains 40.05% of the total variance. Content validity of the scale was provided by surveying related literature and expert opinions. Construct validity of the scale was tested with an explanatory factor analysis of data derived from the pilot test. The data in Figure 2 and Table 3 show that validity of structure was provided at a sufficient level. The criterion validity of the final scale was tested based on the internal criterion. For this purpose, 27% of the top and bottom groups were examined by analyzing the differences in the scores received from the final scale. There was a significant difference between scores of two groups (t (298) = 44.48, p <.01), hence, confirming its sufficient internal criterion (Tezbaşaran, 1996; Büyüköztürk, 2002; Altındağ and Senemoğlu, 2013) . The findings indicate that a reliable and valid scale is developed to measure the synthesizing mind skills of students. By SMSS, researchers will be able to have enough information about the quality of the teaching-learning environments in terms of development of synthesizing mind skills and the precautions towards synthesizing mind skills development.
As a result; in above average and average school seventh grade students there are significant relationships between math & science scores and SMSS scores at p <.05 and p <.01 levels, but there is no significant relationship considering below average school students' scores (p> .05). In addition, there are significant differences between the level of above average and below average students' synthesizing mind behaviors in favor of above average students (p<.01) and between the level of average and below average students' synthesizing mind behaviors in favor of average students (p<.05).
In math and science, it is observed that especially academic achievement is significantly related to the synthesizing mind skills and as the level of academic achievement increases, the level of synthesizing mind skills increases. Although a limited number of studies have been undertaken on synthesizing mind skills, previous studies have reported that there are significant relationships between higher order thinking skills and students' academic achievements and the quality of the teaching-learning environment is a determining factor on developing higher order thinking skills (Koray, 2004; Aktamış ve Ergin, 2006; Özerbaş, 2011; Teemant, Hausman and Kigamwa, 2016; Tanujaya, Mumu and Margono, 2017) . The synthesizer must have enough information about the requisite disciplines to be able to synthesize well for themselves and the others (Gardner, 2008) . In his study Yeşilyurt (2004) has found that employing activities with experiment and game has a positive significant effect on remembering, analyzing and synthesizing skills of 4 th and 5 th grades. After having enough information related to previous steps of taxonomy (Bloom et al, 1956 ) and providing teaching-learning environment adequate for developing synthesizing minds, students will be ready for new synthesis. Each of synthesizing results will be the first step for the next synthesis. This cycle will last till the end of life. People lacking of synthesizing mind skills will not be able to participate this cycle and future world. By employing the necessary strategies and activities to help students improve their synthesizing mind skills in teaching-learning environments, teachers will be able to create the future synthesizer.
Recommendations
In a follow-up research, the curriculums can be designed to develop the synthesizing mind skills of students and it is possible to investigate the academic achievement level differences between the experimental group taught with newly designed curriculum and control group taught with normal curriculum for a specific time period. Similar research can be conducted in different disciplines and at different levels to investigate the level of synthesizing mind skills and the level of academic achievement. It is also possible to investigate how much of the academic achievement can be explained by synthesizing mind skills.
